Clin. Cardiol. 21, 459-461 (1998)

Editor’s Note

Myocardial Infarction: Summary of the TIMI Trials

Remembering  which
“TIMI” trial is which has
always been a problem for
me, and I suspect it has
been for others as well. Even
the acronym “TIMI” has
multiple meanings, namely,
Thrombolysis In Myocar-
dial Infarction, Thromboly-
sis in Myocardial Ischemia,
and Thrombin Inhibition
in Myocardial Ischemia. I
thought a review of these
trials might be of interest to

readers of Clinical Cardiology.

What follows will summarize these trials in a repetitive
format—that is, TIMI Trial Number, Drug/Procedure, Major
Endpoint(s), and Results. I have also included the references
for those trials that have been published or presented for those
who wish to know study details.

TIMI 1!

Drug/Procedure: Intravenous (IV) streptokinase vs. IV re-
combinant tissue plasminogen activator (rtPA) in patients with
acute myocardial infarction (AMI).

Major Endpoint: Coronary angiography to assess reperfu-
sion at 90 min.

Results: Higher reperfusion rate with rtPA. TIMI grade 2 or
3 (60% for rtPA vs. 35% for streptokinase).

TIMI 2A2

Drug/Procedure: Immediate (2 h) percutaneous translumi-
nal coronary angioplasty (PTCA) (195 patients) vs. delayed
(1848 h) PTCA or coronary artery bypass graft surgery (194
patients) in AMI patients treated with rtPA vs. clinically driv-
en revascularization (197 patients).

Major Endpoint: Predischarge left ventricular ejection
fraction.

Results: No advantage of immediate revascularization fol-
lowing rtPA compared with delayed or clinically driven revas-
cularization. Ejection fraction averaged 49.3%

TIMI 2B?
Drug/Procedure: Immediate IV beta blockade (720 pa-

tients) vs. delayed (> 6 days) beta blockade (714 patients) after
rtPA therapy for AMI.

Major Endpoints: Ventricular function, mortality.
Results: No difference in clinical outcome at 6 weeks or one
year. Global left ventricular ejection fraction averaged 50.5%.

TIMI 3A*4

Drug/Procedure: Heparin vs. heparin plus accelerated IV
rtPA for unstable angina and non-Q-wave ML

Major Endpoints: Coronary angiographic stenoses at 48 h
and TIMI grade flow.

Results: IV itPA augmented lysis of thrombi and relief of
coronary narrowings better than heparin alone.

TIMI 3B>6

Drugs/Procedure: rtPA vs. placebo as initial therapy in un-
stable angina/non-Q-wave MI and early revascularization vs.
early conservative therapy (1,473 patients).

Major Endpoints: Death, ML, failure of initial therapy.

Results: No difference (54.2 vs. 55.5%) at 6 weeks. No dif-
ference at 1 year,

TIMI 47

Drug/Procedure: rtPA vs. anisoylated plasminogen strep-
tokinase activator complex (APSAC) vs. combination in 382
patients with AMI.

Major Endpoints: Coronary angiographic estimation of in-
farct-related artery patency and TIMI grade 3 flow at 90 min.

Results: Infarct-related artery patency and TIMI grade 3
flow: 1tPA 60.2 %, APSAC 42.9%, combination 44.8%.

TIMI 58

Drug/Procedure: Dose-ranging pilot trial of IV hirudin vs.
heparin following rtPA and aspirin for AMI (246 patients).

Major Endpoints: TIMI grade 3 flow at 90 min and at 18 to
36 h without death or reinfarction.

Results: At90 min TIMI grade 3 flow was present in 64.8%
of hirudin-treated vs. 57.1% of heparin-treated patients (p =
NS) Infarct artery patency was similar in the two groups. At 18
to 36 h, infarct-related artery patency was 97.8% in the hirudin
group vs. §9.2% in the heparin group (p=0.01).

TIMI 6°

Drug/Procedure: Hirudin vs. heparin in conjunction with
streptokinase and aspirin in 193 patients with AML
Major Endpoints
Safety: Occurrence of major hemorrhage.
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Efficacy: Composite unsatisfactory outcome—for exam-
ple, death, nonfatal infarction, new onset heart failure, car-
diogenic shock, or ejection fraction <40%.

Results
Safety: Major hemorrhage similar between the heparin
and hirudin groups.
Efficacy: Composite endpoint: No significant difference
between any of the treatment groups for heparin and
hirudin. Trend toward a lower composite endpoint with
the higher dose of hirudin compared with the lowest.

TIMI 710

Drug/Procedure: Dose-ranging of IV hirulog for patients
with unstable angina. All patients received aspirin (410 pa-
tients).

Major Endpoints: Clinically unsatisfactory outcome (death,
nonfatal MJ, rapid clinical deterioration, recurrent ischemic
pain at rest with electrocardiographic changes by 72 h).

Results: No difference in primary endpoints at different
doses.

TIMI 811

Drugs/Procedure: Hirulog vs. IV heparin in patients with
unstable angina or non-Q-wave MI. Planned enrollment 5,300
patients.

Major Endpoints: Efficacy and safety.

Results: Trial discontinued for reasons unrelated to the
drugs.

TIMI9A!2

Drug/Procedure: TV heparin to a target activated partial
thromboplastin time (aPTT) of 60 to 90 s vs. I'V hirudin (0.6
mg/kg bolus followed by infusion of 0.2 mg/kg /h for 96 h)
following thrombolytic therapy (streptokinase or tPA) in pa-
tients with AMI. Enrollment was 757 patients. All received
aspirin.

Major Endpoints: Clinical, safety, and efficacy.

Results

Safety: Similar rates of hemorrhage. No superiority of
hirudin over heparin. Study stopped because the incidence
of hemorrhage was greater than expected in both treat-
ment groups.

Efficacy: No difference in primary endpoints (death, MI,
severe heart failure, or shock).

TIMI 9B#

Drug/Procedure: IV heparin to atarget aPTT of 55-85 s vs.
IV hirudin 0.1 mg/kg in bolus followed by 0.1 mg/kg/h in pa-
tients with AMI who were treated with streptokinase or rtPA.
All 3,002 patients received aspirin.

Major Endpoints

Safety: Rate of hemorrhage.
Efficacy: Composite of death, MI, severe heart failure, and
cardiogenic shock.

Results
Safety: Rate of hemorrhage was similar (5.3 vs 4.6%).
Efficacy: No difference (11.9 vs. 12.9%).

TIMI 10A#4

Drug/Procedure: Dose-ranging of TNK-TPA given as a
single bolus in 113 patients with AML

Major Endpoints: Coronary angiography at 90 min and
hemorrhage.

Results: TIMI grade 3 flow at 90 min was achieved in 57 to
64% of patients at the 30 to 50 mg doses. Major hemorrhage
was experienced by 6.2% patients; in 6 of 7 patients this oc-
curred in a vascular access site.

TIMI11A15

Drug/Procedure: A dose-ranging trial of enoxaparin in 630
patients with unstable angina or non-Q-wave MI. Dose tier 1 =
1.25 mg/kg. Dose tier 2=1.0 mg/kg.

Major Endpoints: Composite endpoints of death, nonfatal
MI, recurrent ischemia through Day 14, and major bleeding.

Results: Composite endpoints occurred in 5.6 and 5.2%
of patients in dose tiers 1 and 2, respectively. Major bleeding
occurred in 6.5 and 1.9% of patients in dose tiers 1 and 2,
respectively.

TIMI 126

Drug/Procedure: Randomized trial of oral sibrafiban, a se-
lective antagonist of the glycoprotein IIb/Ila receptor, in pa-
tients after an acute coronary syndrome. In all, 329 patients
were entered into a double-blind dose-ranging trial vs. aspirin
for 28 days.

Major Endpoints: Safety, tolerability.

Results: Sibrafiban achieved effective long-term platelet in-
hibition with a clear dose response but a relatively high inci-
dence of minor bleeding. Major hemorrhage was no different
than in patients receiving aspirin but minor bleeding occurred
more frequently with sibrafibran than with aspirin.

TIMI 13

Trial was never planned because of the fate of Apollo XIII
(McCabe CH, personal communication).

TIMI 14V

Drug/Procedure: Comparison of front-loaded rtPA, three
low doses of rtPA plus abciximab, low and usual doses
of streptokinase plus abciximab, and abciximab alone (444
patients).

Major Endpoint: Incidence of TIMI grade 3 flow at 90 min.

Results: 52% in the rtPA-alone arm; 32% in the abciximab-
alone arm; 53, 63, and 61% in the respective rtPA plus abcix-
imab groups; and 42, 38, and 48% in the respective streptoki-
nase plus abciximab groups. Bleeding was slightly increased
with higher doses of streptokinase and abciximab.
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Future TIMI Trials

The following TIMI trials are underway but no data are
available at this time:

TIMI 15

Klerval (a GP Ib/IMla-receptor blocker) administered intra-
venously and orally for 24-92 h in patients with acute coro-
nary syndromes. This is a dose-ranging study.

TIMI 16

Orbofiban (an oral GP IIb/Illa-receptor blocker) vs. place-
bo in patients with acute coronary sydromes. This trial carries
the acronym OPUS.

TIMI 17

Lanoteplase (nPA): Single-bolus thrombolytic therapy vs.
accelerated rtPA in patients with AMI. This trial carries the
acronym INTIME II (Intravenous nPA for Treatment of
Infarcting Myocardium Early).

TIMI 18

Tirofiban (oral GP IIb/Illa-receptor blocker) in acute coro-
nary syndromes (invasive vs. conservative therapy). This trial
carries the acronym TACTICS.

A Final Comment

After going through this exercise, I think I prefer trial
acronyms to trial numbers. It might be easier to remember
what is what! A future editoral will summarize the TIMI trials
as they are presented in the public forum.

C.Richard Conti, M.D.
Editor-in-Chief

References

1. The TIMI Study Group: Special report: The Thrombolysis in
Myocardial Infarction (TIMI) Trial. New Engl J Med 1985;312:
932-936

2. Rogers WJ, Baim DS, Gore JM, Brown G, Roberts R, Williams
DQ, Chesebro JH, Babb JD, Sheechan FH, Wackers FIT, Zaret BL,
Robertson TL, Passamani ER, Ross R, Knatterud GL, Braunwald
E: Comparison of immediate invasive, delayed invasive, and con-
servative strategies after tissue-type plasminogen activator: Results
of the Thrombolysis in Myocardial Infarction (TIMI) Phase 2A
Trial. Circulation 1990;81:1457-1476

3. Roberts R, Rogers WJ, Mueller HS, Lambrew CT, Diver DJ, Smith
HC, Willerson JT, Knatterud GL, Forman S, Passamani E, Zaret
BL, Wackers FIT, Braunwald E: Immediate versus deferred B-
blockade following thrombolytic therapy in patients with acute my-

10.

11

12.

15.

16.

17.

ocardial infarction: Results of the Thrombolysis in Myocardial
Infarction (TIMI) 2B Study. Circulation 1991;83:422-437

The TIMI 3A Investigators: Early effects of tissue-type plasmino-
gen activator added to conventional therapy on the culprit coronary
lesion in patients presenting with ischemic cardiac pain at rest:
Results of the Thrombolysis in Myocardial Ischemia (TIMI I11A)
Trial. Circulation 1993;87:38-52

The TIMI 3B Investigators: Effects of tissue plasminogen activator
and a comparison of early invasive and conservative strategies in
unstable angina and non-Q-wave myocardial infarction: Results of
the TIMI INIB Trial. Circulation 1994;89:1545-1556

Anderson HV, Cannon CP, Stone PH, Williams DO, McCabe CH,
Knatterud GL, Thompson B, Willerson IT, Braunwald E: One-year
results of the Thrombolysis in Myocardial Infarction (TIMI) IIIB
Clinical Trial: A randomized comparison of tissue-type-plasmino-
gen activator versus placebo and early invasive versus early conser-
vative strategies in unstable angina and non-Q-wave myocardial in-
farction. J Am Coll Cardiol 1995;26:1643-1650

Cannon CP, McCabe CH, Diver DJ, Herson S, Greene RM, Shah
PK, Sequeira RF, Leya F, Kirshenbaum JM, Magorien RD, Palmeri
ST, Davis V, Gibson CM, Poole WK, Braunwald E: Comparison of
front-loaded recombinant tissue-type plasminogen activator,
anistreplase and combination thrombolytic therapy for acute my-
ocardial infarction: Results of the Thrombolysis in Myocardial
Infarction (TIMI) 4 Trial, J Am Coll Cardiol 1994;24:1602-1610
Cannon CP, McCabe CH, Henry TD, Schweiger MJ, Gibson RS,
Mueller HS, Becker RC, Kleiman NS, Haugland M, Anderson JL,
Sharaf BL,, Edwards SJ, Rogers W, Williams DO, Braunwald E: A
pilot trial of recombinant desulfatohirudin compared with heparin
in conjunction with tissue-type plasminogen activator and aspirin
for acute myocardial infarction: Results of the Thrombolysis in
Myocardial Infarction (TIMI) 5 Trial. / Am Coll Cardiol 1994;23:
993-1003

Lee LV, for the TIMI 6 Investigators: Initial experience with hirudin
and streptokinase in acute myocardial infarction: Results of the
Thrombolysis in Myocardial Infarction (TIMI) 6 Trial. Am J Car-
diol 1995;75:7-13

Fuchs J, Cannon CP, and the TIMI 7 Investigators: Hirulog in the
treatment of unstable angina: Results of the Thrombin Inhibition in
Myocardial Ischemia (TIMI) 7 Trial. Circulation 1995;92:727-733
What’s What. 4th edition, p. 351. Molndal, Sweden: Astra Hissle
AB

Antman EM, for the TIMI 9A Investigators: Hirudin in acute
myocardial infarction: Safety report from the Thombolysis and
Thrombin Inhibition in Myocardial Infarction (TIMI) 9A Trial.
Circulation 1994;90:1624-1630

Antman EM, for the TIMI 9B Investigators: Hirudin in acute myo-
cardial infarction: Thrombolysis and Thrombin Inhibition in Myo-
cardial Infarction (TIMI) 9B Trial. Circulation 1994;94:911-921

. Cannon CP, McCabe CH, Gibson CM, Ghali M, Sequeira RF,

McKendall GR, Breed J, Modi NB, Fox NL, Tracy RP, Love TW,
Braunwald E, and the TIMI 10A Investigators: TNK-tissue plas-
minogen activator in acute myocardial infarction: Results of the
Thrombolysis in Myocardial Infarction (TIMI) 10A Dose-Ranging
Trial. Circulation 1997;95:351-356

The Thrombolysis in Myocardial Infarction (TIMI) 11A Trial
Investigators: Dose-ranging trial of enoxaparin for unstable angina:
Results of TIMI 11A. J Am Coll Cardiol 1997;29:1474—1482
Cannon CP, McCabe CH, Borzak S, Henry TD, Tischler MD,
Mueller HS, Feldman R, Palmeri ST, Ault K, Hamilton SA,
Rothman JM, Novotny WF, Braunwald E: Randomized trial of an
oral platelet glycoprotein IIb/Illa antagonist, sibrafiban, in patients
after an acute coronary syndrome: Results of the TIMI 12 Trial.
Circulation 1998;97:340-349

Ferguson JJ: TIMI 14 presented by EM Antman. Highlights of the
70th Scientific Sessions of the American Heart Assocation.
Circulation 98;3:1218



